The study aimed to evaluate the effectiveness of two new nodal classifications based on the number of metastatic lymph nodes (LNs) or ratio of metastatic to examined LNs (LNR) in making a prognosis, compared with the current nodal classification based on the location of metastatic LNs.
INTRODUCTION
The nodal classification in the current 7th edition of the TNM classification (TNM, tumor, node, metastasis) [1] , which has recently been revised, is defined based on the location of metastatic lymph nodes (LNs), as in the previous 6th edition. Concerns regarding the current nodal classification for lung cancer have been pointed out that N1 and N2 patient groups consist of heterogeneous subgroups with regard to the prognosis. Cases with multiple-station metastases have been reported to be a poorer prognostic subgroup compared with those with single-station metastasis in both N1 [2] and N2 patients [3, 4] . In addition, patients with skip metastasis, which is defined as having N2 disease without N1 disease, have been reported to comprise a more favorable prognostic subgroup [5] .
In the TNM staging system for other major malignancies such as colorectal carcinoma, gastric carcinoma, and breast cancer, the number of metastatic LNs is included in the nodal classification [6] , because it has been shown to be a more effective prognostic indicator than the location of metastatic LNs. If the number of metastatic LNs is included in the nodal classification of the lung cancer staging system as a more effective prognostic indicator, some of the concerns regarding the current nodal classification could also be resolved.
Conversely, the ratio of metastatic to examined LNs (LNR) has been suggested to be a more favorable prognostic indicator than the number of metastatic LNs in some malignancies [7, 8] . Furthermore, stage migration was less frequently observed in the nodal classification based on the LNR, when compared with the nodal classification based on the number of metastatic LNs [8] .
The aim of this study was to elucidate which nodal classification is the best of the three: the current nodal classification based on the anatomical location of metastatic LNs (Current NC), a nodal classification based on the number of metastatic LNs (Number NC), and a nodal classification based on the LNR (LNR NC).
MATERIALS AND METHODS

Patients
Between October 1986 and December 2003, 972 patients with lung cancer underwent surgical resection of the lung at our hospital. We excluded patients who had small-cell carcinoma, residual disease at surgery, concomitant double cancer, pathological Tis disease, stage IIIB disease, and stage IV disease. Furthermore, patients with induction treatment, limited resection, or operative death were also eliminated. A total of 674 patients met the criteria. Of these, the number of LNs removed ranged from 1 to 66, with a median of 19. Twenty-three patients had less than six LNs removed, and we excluded these patients because six or more LNs/stations are recommended to be examined according to the 7th edition of the TNM classification. Finally, we analyzed 651 patients, and the patient characteristics are shown in Table 1 . The Tochigi Cancer Center institutional review board approved this retrospective study, and waived the requirement of patient consent.
Preoperative evaluation
All patients underwent physical examination, chest radiography, bone scintigraphy, bronchoscopic examination, and computed tomography (CT) or magnetic resonance imaging of the brain, as well as CT of the chest and upper part of the abdomen for the staging and evaluation of resectability before surgery. Positron emission tomography (PET) was rarely implemented during this study period. An LN >1 cm in its short axis on CT was determined as metastatic. We did not consider patients with clinical mediastinal LN metastasis to be a contraindication for surgery unless the swollen LNs appeared unresectable. Therefore, mediastinoscopy or transbronchial needle aspiration to confirm N2 disease has been rarely conducted in patients not included in clinical trials.
Treatment
Major anatomical lung resection with systematic nodal dissection was the standard operation during the study period in our hospital. Systematic nodal dissection involves the complete resection of ipsilateral mediastino-hilar LNs. However, prevascular and post-tracheal LNs in any location of primary lung tumor, paraesophageal and pulmonary ligament LNs in upper lobe lung tumor, and highest mediastinal, upper mediastinal, and lower paratracheal LNs in left lung tumors were usually not resected. About 15% of patients underwent hilar LN dissection with or without selective mediastinal nodal dissection. Hilar, interlobar, and lobar LNs were resected with affected lung lobes in the hilar LN dissection, and remote mediastinal LN stations, such as subcarinal LNs in the upper lobe tumor, were not resected in the selective mediastinal nodal dissection [9, 10] .
Follow-up
The patients were scheduled for checkups, chest radiography, and measurement of the serum tumor marker levels every 1-3 months for 2 years after the operation and every 6 months thereafter. A total of 649 patients were followed up until death or the last day of follow-up (31 December 2007). The median length of follow-up for surviving patients was 116 months (range: 58-261 months).
Pathological examination
Hilar and interlobar LNs were resected in combination with the lung, and then these nodes were classified into each nodal station according to the Naruke map [11] after the operation by a thoracic surgeon. The right upper mediastinal LNs, consisting of #1, #2, #3, and #4, or the left aortopulmonary window LNs, consisting of #5 and #6, were dissected en bloc. These nodes were immediately divided into each station. LNs #7, #8, #9, and left #4 were individually removed. Each LN was fixed in formalin and cut at its equator, stained with hematoxylin and eosin, and examined by means of light microscopy. The pathological stage was classified according to the current 7th edition of the TNM classification. When only one mediastinal LN station was involved, it was defined as a single-station metastasis, and the others were defined as multiple-station metastases.
Statistical analysis
The cutoff numbers for each category in the two new nodal classifications (Number NC and LNR NC) were defined so that the numbers corresponded with paired categories within the Current NC (Fig. 1A) . This was done in order to compare the prognosis of each category in the two new nodal classifications. The number of metastatic LNs ranged from 1 to 24, and the median was 2 for node-positive patients. In the Number NC, we classified the patients into three categories according to the number of metastatic LNs: nN0, the number of metastatic LNs was 0; nN1, 1-2; and nN2, >2. In addition, nN2 was subdivided into two categories: nN2a, the number of metastatic LNs was 3-5; and nN2b, >5 (Fig. 1B) . The LNR was calculated by dividing the total number of metastatic LNs by the total number of LNs examined and multiplied by 100. The LNR ranged from 2.5% to 72.7%, and the median was 11.1% for node-positive patients (Fig. 1C ). In the LNR NC, we classified the patients into three categories: rN0, the ratio of metastatic to resected LNs was 0; rN1, 1 to ≤12%; rN2, >12%. In addition, rN2 was subdivided into two categories, rN2a, the LNR was from 12% to 26%; rN2b, >26%.
Survival curves were calculated using the Kaplan-Meier method, and differences in survival were determined by the log-rank test. Multivariate analysis of several prognostic factors was performed with Cox's proportional hazards regression model using Statistical Package for the Social Sciences (SPSS) ver. 17 (SPSS Inc., Chicago, IL, USA).
RESULTS
The patients' characteristics are shown in Table 1 . The operative procedure employed in the majority of patients was a lobectomy with systematic nodal dissection. Pneumonectomy was carried out in only 49 patients. Postoperative chemo-and radiotherapy were applied in 13 (11.5%) patients and in one (0.9%) with N1 disease, respectively, and in 18 (17.8%) and 38 (37.6%) patients with N2 disease, respectively.
The number of patients and 5-year survival rates with a 95% confidence interval for each category in the three nodal classifications are also shown in Table 1 . The numbers of patients in each category at the same level of the three nodal classifications were similar, for example, 101 patients in the Current NC, 98 in Number NC, and 100 in LNR NC in the N2 categories. This was because the cutoff numbers for each category in the two new nodal classifications were defined so that the numbers corresponded with paired categories within the Current NC. In addition, the number of patients within the subcategories of N2 was also similar, for example, 41 patients with multiple station N2 in the Current NC, 41 with nN2b in Number NC, and 40 with rN2b in the LNR NC. Figs. 2-4 show overall survival curves according to the Current NC, Number NC, and LNR NC, respectively. In the Current NC, the difference in survival between patients with N1 and N2 disease was relatively small compared with that between patients with N0 and N1 disease (Fig. 2) . On the contrary, this difference in survival between patients classified in the N1 and N2 category was greater in Number NC (Fig. 3) and LNR NC (Fig. 4) ; that is, the survival rates of patients in the N1 and N2 category were 54.3% and 39.8% in Number NC, respectively, and 58.8% and 35.0% in LNR NC, respectively, although the patient numbers in the same N2 category were similar (Table 1) . Regarding the subclassification in the N2 category, the patients with rN2b in LNR NC showed the lowest 5-year survival rate of 27.5%, compared with 31.7% of nN2b in Number NC, and 39.0%
of multiple-station N2 in Current NC, although the numbers of patients in each category were similar. Table 2 shows multivariate analyses of overall survival. All factors analyzed in the univariate analysis (Table 1) were evaluated using multivariate analysis. Due to the fact that Current NC, Number NC, and LNR NC were strongly correlated with each other, we entered each nodal classification into multivariate analysis individually, and compared their hazard ratios. Multivariate analysis revealed that the age, pathological T status, postoperative chemotherapy, Current NC, Number NC, and LNR NC were significant independent prognostic factors. Among the N2 categories, the hazard ratio of rN2 in LNR NC was the largest, at 3.29. The hazard ratio of rN1 was 1.53, which was about half of that of rN2. In addition to these analyses, we analyzed the impact of the number of negative LNs resected to understand why LNR NC was superior to Number NC. Fig. 5 shows survival curves according to the number of negative LNs resected and the presence or absence of LN metastasis. Among the patients showing no nodal metastasis, the survival curves were similar regardless of the number of negative LNs resected. However, among the patients with LN metastasis, the survival of patients for whom a larger number (>15) of negative LNs was resected was better than that of patients with a smaller number (≤15) resected (P = 0.002).
DISCUSSION
The nodal classification based on the location of LNs was established on the idea that LNs metastasis occurs in LNs neighboring the primary tumor, and then sequentially spreads to more distant nodes. However, recent studies on skip metastasis [5, 12] and sentinel LNs [13, 14] have revealed that metastasis may initially occur in the mediastinal LNs without N1 metastasis in about one-quarter of patients, who show a better prognosis than patients with non-skip N2 disease. From these results, we hypothesized that the generation of LN metastasis can be a more effective prognostic indicator than the metastatic location, and the number of metastatic LNs optimally represents the generation of LN metastasis. In other major malignancies such as colorectal carcinoma, breast cancer, and gastric carcinoma, nodal classifications in the current TNM staging system include the number of metastatic LNs [6] . Many studies have revealed that the number of metastatic LNs is a better prognostic indicator than their location in those cancers [15] . In lung cancer, two studies have also reported the usefulness of Number NC. Fukui et al. classified nodal categories according to the number of metastatic LNs as 1-3, 4-6, and >6 [16] , and Lee et al. also classified them as 1-4, 4-14, and >14 [17] . Both studies demonstrated that Number NC was a stronger prognostic indicator than Current NC based on the location.
Recently, the LNR has been also investigated in esophageal [18] , colorectal [7] , and gastric cancers [19] as a more effective prognostic factor [8] . Frederique et al. compared the LNR with the number of metastatic LNs [7] . They demonstrated that the prognostic ability of the LNR was better than the number of metastatic LNs, and this ability was retained when patients with <12 LNs were analyzed. Inoue et al. also suggested that the LNR was more robust on examining the LN number. In our study, the LNR was a more effective prognostic indicator than the number of metastatic LNs. Why then is LNR NC better than Number NC? We investigated the effect of the number of resected LNs. We analyzed the number of negative LNs instead of the total number of LNs resected because the total number resected includes the number of metastatic LNs that adversely affect the survival. As a result, a larger number of resected negative LNs was found to be a significantly favorable prognostic factor in node-positive patients. Several studies in lung cancer and other malignancies have shown a larger number of resected LNs to be a favorable prognostic factor [20] [21] [22] , and Johnson et al. reported that the number of negative nodes is also an independent prognostic factor for patients with stage IIIB and IIIC colon cancer [23] . They speculated that there were three possible mechanisms: stage migration, quality care, and tumor-host interaction. We consider that all three mechanisms contribute to the prognostic significance of LNR to some extent; however, we cannot specify which is the strongest. Regardless of the mechanisms, the number of LNs resected markedly affects the prognostic value of LNR, and this is considered the reason for the superiority of LNR NC compared with Number NC.
In this analysis, the cutoff numbers of the two new classifications trialed were defined so that the numbers of patients in each category corresponded with categories within the Current NC. This was done because our research objective was to compare the ability of the three classifications to classify patients into several categories according to their survival. If the cutoff numbers for the two new classifications are set in order to most effectively classify patients within the categories, this would have resulted in an unfair analysis when compared with the Current NC. Therefore, the cutoff numbers we used were not the best in terms of predicting survival. We believe that in order to determine the most effective cutoff numbers data accumulated from multiple institutions from several countries should be analyzed.
As the number of LNs resected can influence the accuracy of nodal staging, even in Current NC [22, 24] but especially in Number NC and LNR NC, a minimum number of LNs to be examined should be defined. Although the present TNM classification proposed that more than five LNs should be resected to correctly define pN0, no relevant data have been shown. In other malignancies, 12 or more LNs should be resected for the nodal staging of colorectal carcinoma, 16 or more for gastric carcinoma, and six or more for breast cancer based on a number of reports [6] . All these staging systems include the number of metastatic LNs in recent editions. Ludwig et al. analyzed 16 800 patients with stage IA and IB in the Surveillance, Epidemiology, and End Results (SEER) database [22] . They concluded that a number between 11 and 16 may be the minimum required to examine based on the finding that a lower hazard ratio was observed in pN0 patients, and the survival difference was thought to be due to inaccurate staging. To establish the minimum number of LNs to be examined, a prospective multicenter study is needed.
A concern regarding Number NC and LNR NC is the fragmentation of LNs. LNs are sometimes resected as fragments, and the type of LN removal and examination can also influence the fragmentation; systematic nodal dissection, systematic or local sampling, or biopsy via mediastinoscopy or endobronchial ultrasonography. We consider that the number of metastatic LNs is effective only when systematic nodal dissection or systematic nodal sampling, not biopsy, is performed. Further, Number NC or LNR NC will be useful in a postsurgical setting to apply the best postsurgical adjuvant therapy, including chemotherapy and radiotherapy. We consider that LNR NC is robust against LNs fragmentation, because, if nodes are fragmented, both the numbers of metastatic LNs and total number of LNs will increase.
One limitation of our study was the length of the period of investigation. Therefore, we evaluated the time difference by dividing the patients into those in early and late periods, and found that our core results did not change (data not shown). Another limitation was the difference in the preoperative staging method and indication of surgery for clinical N2 disease. Recently, many institutions including ours have conducted PET as a staging modality. Mediastinoscopy was also more frequently applied in the USA than in Japan, which might be due to the difference in the indication for lung resection for clinical N2 patients. These differences may have influenced our results. Therefore, the present results should be confirmed in various situations.
In conclusion, the LNR as well as the number of metastatic LNs may be better prognostic indicators than Current NC. For the future revision of nodal classification, the number of metastatic LNs and LNR should be evaluated as indicators for the nodal classification of lung cancer.
ABBREVIATIONS
CT, computed tomography; Current NC, current nodal classification based on the anatomical location of metastatic lymph nodes; Number NC, new nodal classification based on the number of metastatic lymph nodes; LNR, ratio of metastatic to examined lymph nodes; LNR NC, new nodal classification based on the ratio of metastatic to examined lymph nodes; LNs, lymph nodes.
